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CHAPTER I
INTRODUCTION
The determination of the inodes of addition of addenda
to conjugated systems is of considerable theoretical im¬
portance* A search of the literattire reveals the fact that
during the last half centiary a tremendous amount of experi¬
mentation has been done on this subject which has given rise
1 2
to a great deal of controversy. Northrup, Kharasch,
Sampey,® and Muskat^ have reported extensive work on the
modes of addition of addenda to butadiene and many of its
homologues. Most of the workers agree on the theory that
the orientation of the entering group in the molecule is
dependent on both the nature of the molecule and the nature
of the addendum.
During the past decade work with conjugated systems has
been in progress in these laboratories with en^jhasls on the
methods of preparation of these conjugated compounds and on
^Herbert E. Northrup, "The Preparation and Chlorination
of Butadiene, (Unpublished Master's Thesis Presented to the
University of Chicago, June, 1930), p. 1,1.
p
Kharasch and Reinmuth, J. Chem. Educ«. 8, 1703 (1931).
3
John R. Sampey, J, Chem. Educ., 4, 872-885, (1927).
^Muskat and Huggins, J. Am. Chem. Soc.. 51, 2496-2503,
(1929). ~
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determlnlag the mode of addition, of symmetrical and unaym-
metrlcal addenda to these systems. It has been the purpose
of the Investigation reported here to study the mode of
addition of hydrogen and of hydrogen bromide to the unsym-
metrlcal conjugated confound, 1-phenyl-2,3-dimethybutadiene,
1-3.
In attempting to prepare this compound, 1-phenyl, 2,3-
dlmethylbutadiene-1,3 by the method recorded in the litera-
ttire by Kohler,^ McBay^ was not successful.
The method of preparation of the compound as outlined
by Kohler consists of the preparation of alpha methyl cin¬
namic acld,^ the conversion of this acid into Its correspond¬
ing methyl ester, and the subsequent addition of two moles
of methyl magnesium Iodide to this ester to form the tertiary
alcohol which by losing water upon distillation yields the
compound, l-phenyl-2,3-dlmethylbutadiene-l,3.
Kohler® reports that this conpound bolls at 165® under
30 mm., and gives the following analysis. Subs; 0.2073;
grams CO2, 0.6917; grams H2O, 0.1645; Calcd. for CigHi4{
C, 91.1, H, 8.9; Jbnndj 0,91.0, H, 9.20.
^E. P. Kohler, Chem. J., 529 (1906).
^Henry C. R. McBay, "The Preparation and Brominatlon of
1-phenyl, 2-3 dimethyIbutadiene, 1-3," (Unpublished Master's
Thesis, Department of Chemistry, Atlanta University, 1936),
p. 5.
^E. P. Kohler, o£. clt ., pp. 529-30.
dodger Adams, "organic Reactions," J. Wiley & Sons, Inc..
New York, 1942Col. vol. I p. 61.
®B. P. Kohler, o£. clt., p. 529.
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Recorded In the literature Is the more simple method
of Bogert and Davidson^ for the preparation of the Interme¬
diate, methyl-^-methyl styryl ketone, which Kohler^ did not
Isolate* Huggins and McBay® prepared 1-phenyl, 2-3 dimethyl
butadiene by treating methyl-t-methyl styryl ketone*^ with
one mole of methyl magpeslum Iodide In absolute ether to
form the corresponding tertiary alcohol* This alcohol loses
water upon distillation to yield the conjugated compound.
This conjugated compound reported by Huggins and McBay® has
the same carbon and hydrogen content and the same configura¬
tion as that reported by Kohler,® but was fo\ind to boil at
128° tinder 30 mm. Analy3ls*7s Subs; 0*1400 , 0.0761 * 002,
0*4678 , 0.2530 j HgO, 0*1106 , 0*0599, calcd* for C]_gH2_4 :
C, 91.08, H, 8.85. Pounds C, 91*13 , 90.67j H, 8.84, 8s82.
Because of this discrepancy between the boiling points
reported by these workers for this compound, l-phenyl-2,3-
dlmethylbutadlene, 1-3, It was necessary to make a thorou^
^Bogert and Davidson, J* ^* Chem. Soc., 334 (1932)
^E* P. Kohler, op. clt., p. 530*
®Henry C* R. McBay, og. clt., pp. 6-8.
^bld.
^Ibld ., pp. 16-18*
®E * P. Kohler, jop * clt*, p * 530.
Henry C. R* McBay, o£* clt*, p. 18.
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re-examiaation. of these methods for the synthesis of this
confound before proceeding wlUi the studies of Its addition
reactions. This re-examination seemed absolutely necessary
In order to determine whether these compounds are the same,
or If they are Isomers of the same compound, or If they are
different compounds so that this correction might be made in
the literature. The results of this re-examination are re¬
ported In part I of this thesis.
part II of this thesis Is a report of the studies of
the addition of hydrogen and of hydrogen bromldd to 1-phenyl-
2 ,3-dlmethylbutadlene , 1-3 .
CHAPTER II
THEORETICAL PART I
THE SYNTHESIS OP l-PHEIIYL-2,3-DIMETHyLBUTADIEUE-l,3,
A RE-EXAMIHATION
This is a report of a con^jaratlve study of the compomd
reported In the literature by Kohler^ as being l-phenyl-2,3-
dime thyIbutadiene -1,3, and of the confound reported by Huggins
and McBay^ with the same configuration and the same carbon and
hydrogen content as Kohler»s'^ compound but having a different
boiling point.
The compound was prepared by the method outlined by
Kohler The alpha methyl cinnamic acid used was prepared
by the Perkins synthesis® and converted by the standard pro¬
cedure to the methyl ester. This ester was in turn treated
with methyl magieslum iodide. According to Kohler® the first
mole of the Grignard reagent replaces the methoxy group in
the ester with the methyl group giving the corresponding
methyl ketone. This ketone, methyl-^ -methyl styryl ketone,
^E. P. Kohler, 0£. cit., p. 529.
^Henry C. R. McBay, o£. cit., p. 18.
®E. P. Kohler, cit., p. 530.
4ibid.
®Rodger Adams, "Organic Reactions,** J. Wiley & Sons, Inc,,
New York, 1942, Col. vol. I, p. 61.
®E. P. Kohler, The Am. Chem. ^., 529 (1906).
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was not isolated by Kohler* The second mole of the Qrlgnard
reagent adds to the carbonyl group in the usual manner to
form the corresponding tertiary alcohol* Equations given
on thes page will illustrate this method of synthesis.
H CBz 0 H CHs 0
I I ^11//1. <3C=C—C—Odfe+CHgMgl -Oc=C C—CH3+CHgOMgl
H GH7 OMglH CBi 0
11/ r /
C=C—C—0133-4-CHgMgl -^CDc=C C CH3
H CHg CHg
3* r~>-C—C- C-~OMgI-»-HOH
CH3
H CEz CE, H
^ ^ I • '
4* CI> C=C C C—H
1 I
OH H
H CH,
I I ‘
<z>-c=.c-
H CH,
^ Oc=c-
CH3
CH^ H
) /
-C C-/^fMgOHI
OH H
CH3
C =
H
CH-f HOH
Because of certain impurities, the tertiary alcohol as pre¬
pared above could not be dehydrated easily and persisted in
retaining its yellow color* The hydrocarbon obtained upon
dehydration of the alcohol boiled at 128° C* under 30 mn* and
its refractive index was; Np® - 1*5775.
The l-phenyl-2,3-dlmethylbutadlene-l,3 was prepared also
by the method of Huggins and McBay*^ in this method the
methyl-^ -methyl styryl ketone, which Kohler did not isolate,
^Henry C* R* McBay, o£* cit., pp* 6-8*
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was prepared by the method of Bogert and Davidson.^ The
equations below will illustrate this method of synthesis•
H CH, 0
_ I I ^ //5.0C= C C—CHg-#- CHgMgBr-
H CBs Clfe
. 1
-c>c - C C—OMgBr
CH,
H CJHg CHs
6.0 C=C C—OMgBr + HOH
CHg
\ I
7. OC=C
H CH3 CH3 H
I
C-
I
I
H CH, CH3 H
I I ® I ^ (
■ Oc^c C- CH-i-MgOHBr
OH H
H CHs CH3 H/HS 1^3
0-C=C C — OH^HOH
OH H
The hydrocarbon made as indicated was collected at 128® C.
under 30 mm. and the refractive index was; Np® « 1.5775.
It la important to notice here that the confound pre¬
pared by the method of Kohler does not have the constants
2
he reports in the literature, but has constants identical
with those of the con^sound prepared by the method of Huggins
and McBay.^
The compounds made by the methods outlined above were
kept separate throughout this investigation, and were treated
in the same manner in each attempt at Identification and com¬
parison under Identical experimental conditions.
^Bogert and Davidson, J. Chem. Soo54, 334 (1932).
^E. P. Kohler, J. Chem. Soc36, 538 (1906).
^Henry C. R. McBay, op. cit., pp. 7-8.
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A comparative study of the vapor pressure c\irvea of the
hydrocarbon derived from the method of Huggins and McBay and
of Kohler was made. In separate experiments, a series of
distillations of each hydrocarbon were carried out under
pressures ranging from 1-50 mm. The data obtained ft*om these
experiments are shown in Tables lA and IB below;
TABLE lA
VAPOR PRESSURE DATA FOR HYDROCARBON MADE
BY METHOD OF HUGGINS AND McBAY
B. P. °C. B. P. (abs. T) Reciprocali X 10®.
Pressxire
mm.
LOSIO
Pressure
74 347.00 2.882 1.5 0.17609
101 374.00 2.673 9.5 0.97772
118 391.00 2.557 20.0 1.30103
128 401.00 2.493 30.0 1.47712
134 407^00“ 2.457 35.0 1.54407
137 410 .00 2.439 40.0 1.60206
141 414.00 2.415 50.0 1.69897
Latent Heat of Vaporization Calculated from these data s
11,950500 cal/mole.
TABLE IB
VAPOR PRESSURE DATA FOR HYDROCARBON MADE
BY METHOD OF KOHLER
B. P. OC. B. P. (abs. T) Reciprocal
w X 10®
Pressure
mm.
i^sio
Pressure
74 347 .00 2.882 2.0 0.30103
102 375.00 2.666 10.0 1.00000
118.5 391.50 2.554 ^ 20.0 1.30103
130.5 403.50 2.557 31.0 1.49136
133 406.00 2.463 35.0 1.54407
137 410.00 2.439 40.0 1.60206
141 414.00 2.415 50.0 1.69897
Latent Heat of Vaporization Calculated from these data jr
12,l02;ir 500 cal/mole
VAPOR
PRESSURE
CURVES
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O
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I
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'•^'hese data shown In the tables on page 8 (Table lA and
Table IB) Indicate that the hydrocarbon derived from each
method of synthesis distills at the same temperature under
equivalent pressiores. Prom these data the Log^Q of the
vapor pressvire has been plotted against the reciprocal of
the absolute temperature, and the latent heats of vaporiza¬
tion of the hydrocarbon obtained from both methods of syn¬
thesis have been calculated. (See figure I, page 9). That
the hydrocarbons obtained by these methods of synthesis have
beea ©.aaerLtlAlly pure is indicated by the constancy of the
slopes of the vapor pressure curves (Figure l).arThe fact
that the slopes of the two curves are the same indicates
the identity of the heats of vaporization of the two hydro¬
carbons •
The ”Dlels and Alder”^ derivative has been widely used
as a test for conjugation in slaple organic compounds.45-
This method consists of the addition of the 1-4 positions
of the conjugated compound to the double bond in any one of
a number of suitable reagents called dieneophiles • Many of
those reagents are listed by AllenMaleic anhydride was
successfully used as the dieneophlle in this Inveatl^ptlon,
^Charles P. Allen, J. Chem. Educ.. 494,-97 (1933).
^Ibid.
*There have been reported significant exceptions to
this general rule. For examples where maleic anhydride has
been added to certain non-conjugated compounds see; Ross,
Oebhart, and Gerecht, J. Am. Chem. Soc ., 68, 1373 (1946)
Bergmann, Szmuszkowlcz, ancl pauncz, J*. Am. Chem. Soc., 69,
1773 (1947). “
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The addition results in the tying-in of the ends of the
conjugated molecule to form a ring with the subsequent
shifting of the double bond to the center of molecule. This
mechanism may be Illustrated by this equation.
R
I
R — C 0) H
R —
K
c
1
(D
1
C
II \
R — c
N II
R —
P
R €)
c
1
H
R R H
\/ /
R—C—C—C— C
^ R—C-C—C—C
/ \ »
R R H 0
These resulting compounds make suitable derivatives because
they are recrystalllzable solids with sharp melting points.
The maleic anhydride derivatives of the hydrocarbons
from both sources were prepared and fomd to have identical
melting points (127-128°C.) The melting point of a mixture
of these two derivatives was also 127-128®C. Huggins and
McBay^ reported the melting point of this derivative to be
131-132°C. The equation representing the formation of this
derivative follows?
H
1
c-
II
c-
1
H
>
() H
HgC—C—9—C—C
H \
H3G—C c—c—
i I \
H H 0
^Henry C. R, McBay, o£. cit.. pp. 9-10.
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la order to prove that this ^Diels and Alder” deriva¬
tive whose melting point was close to that of maleic anhy¬
dride was not maleic anhydride, both derivatives were hydro¬
lyzed according to the follcwlng equation to the correspond¬
ing dlcarboxylic acids by recrystallizing them from water.
0
HgC-C-C-C-C^
H
10. H
HgC
\
0 HOH
/
—c—c—c-c
I I
H H
0 H/
H3C—C—C—C-C
H
H
l
\
OH
H c-C-C-C^C^
H H OH
These acids resviltlng from the hydrolyses, as well as a
mixture of these bicids, were found to melt at 207®C. Huggins
and McBay^ reported the melting point of this acid to be
209°C, Table II summarizes these results.
It is significant to note here that while Huggins and
McBay heated the reagents maleic anhydride and l-pheayl-2,3-
dlmethylbutadiene,l-3 together in thiophene free benzene for
24 hours lander reflux conditions to obtain the ”Diel8 and
Alder” derivative, they observed a color change from colorless
to pale yellow immediately upon mixing these reagents. This
suggested to the investigator that these compounds might have
reacted Immediately upon mixing, or at least that such pro¬
longed heating ml^t be tuinecessary. Accordingly, the maleib
^Henry C. R, McBay, o£. cit., p. 19,
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TABLE II
MELTING POINTS OP "DIELS AND ALDER" ANHYDRIDE AND
DICARB03CrLIC ACID DERIVATIVES
Results Obtained
By Product Melted^
M. P. Of
Anhydride
M. P. of
Dicarbozy-
11c Acid
Moore
!
Maleic anhy¬
dride deriva¬
tive of hydro¬
carbon obtained
by method of
Kohler
127-128®C 206-207®C
Maleic anhy¬
dride deriva¬
tive of hydro¬
carbon obtained
by method of
Huggins and
McBay
127-128®C 207® C
Huggins and McBay w 131-132®C 209®C
anhydride derivatives reported here were successfully pre¬
pared without the application of heat simply by allowing
these reagents to stand in the solvent at room temperature
for seven days•
Molecular weight determinations of the hydrocarbous de¬
rived from both methods of synthesis were carried out using
the freezing point technique with benzene as a solvent.
Within experimental error, the results obtained checked with
the calculated value for the formula C-2^2%4* These data are
shown in the table of physical constants (Table IIIA).
The values for the refractive Indices of the hydrocarbons
from each sovirce were determined. The values checked with
A — XffiAx - 267 /mi
o — \)n«x ■ 268»yi
= 19600
£)mix = 18870
Xtm/u
Aktotfiion Curves of l-i/cirsesrban
A - PREPARED FROM ESTER CBr MibcJ of E. P. Kohler)
O -PREPARED FROM KETONE
FiaURE II
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each other. (See Table IIIA, Physical Constants).
TABLE IIIA
PHYSICAL CONSTANTS OF HyDROCARBON
l-PHMYL-2,3-DIMETHYL BUTADIKNE-1,3.
Constant M. W.
Calcd.
M. W.
Obsv'd. B. P.
20®
Density
Refractive
Index,
Hydrocarbon .
made by
Method of
B. P. Kohler
158 154.2 128®C/
30 mm.
0.926 1.5775
Hydrocarbon
made by
Method of
^ggins andiWcBay
158 153 .8 128®C/
30 mm.
0.928 1.5775
TABLE IIIB
PHYSICAL CONSTANTS OP ALCOHOL
l-PHBJYL-2,3-DIMBTHYL-3-HYDROXY BUTENE-1
Constant Bolling Point Refractive
Index Nft°
Alcohol made by
method of Kohler
102-103°C./
2mm. 1.5620*
Alcohol made by
method of Huggins
and McBay
103-104®C./
2QEn. 1.5670*
*The discrepancy in these refractive indices is due to the
difficulty in preventing dehydration of the alcohol upon
distillation.
The absorption spectra of these hydrocarbons prepared
by both methods of synthesis have been studied for conparison
16
These data shown in Figure II (Page 14) show that within
experimental error the absorption curves of the two hydro¬
carbons are identical.
These hydrocarbons, one prepared by the method of Kohler^
and one prepared by the method of Huggins and McBay,^ have
identical boiling points, heats of vaporization, densities,
molecular weights, refractive Indices, ’’Diels and Alder”
(maleic anhydride) derivatives, and absorption spectra.
These facts force one to the conclvision that the compounds
are identical. The constants reported in the literature by
£. P. Kohler for the conqjound, 1-phenyl, 2-3 dlmethylbuta-
dlene, 1-3 are therefore in error due either to experimenta¬
tion or to a misprint.
Some recent work on the mechanisms of Grignard reactions
4
by Kharasch, Morrison, and Urry suggests that the erroneous¬
ly high boiling point reported by Kohler for the hydrocarbon,
1-phenyl-2,3-dimethyIbutadiene, 1-3 might be due to poly¬
merization of the conjugated compound enhanced by the presence
^E. P. Kohler, op. cit., pp. 529-31.
2
Henry G. R. McBay, £p. cit., pp. 6-8.
. P. Kohler, op. cit., p. 529 .
%harasch, Morrison, and Urry, J. jun. Ghem. Soc., 66.
368 (1944) " — —
See also,
Kharasch and Urry, J. Org. Ghem., 13, 101-4 (1948).
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of the tree radicals from the possible soviroe---
11. CHj t Mgl—» CHg 4-.Mgl
This homolytlc dissociation of the Orlgaard reagent ml^t
well have taken place In Kohler's work, since the llterattire
reveals that at the time of his work It was the usual pro-
oedxire to carry out Grlgnard reactions voider conditions of
vigorous reflux. Since the work of Kharasch, Morrison, and
Urry^ Is reported long after Kohler's work was done, Kohler
could hardly have been aware of this possible difficulty.
Kharasch, Morrison, and Urry^ have demonstrated that CHigMgBr
does not undergo such homolytlc dissociation to produce tree
radicals as readily as does methyl magnesium iodide. Hence
a study was made, the purpose of which was to compare the
yields of alcohol and of polymerized material resulting from
the treatment, under Identical conditions, of the ester with
CHgMgl (Kohler's method) and with CHgMgHr. It is Important
to state here that a special attenqpt was made here to mini¬
mize the probability of encountering the difficulty suggested
above by conducting these experiments under conditions of
mlninum instead of maxlmvim reflux.
The same study was made using instead of the ester the
^Ibid.
^Kharasch, Morrison and Urry, op. cit., pp. 101-4 (1948)
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ketone. (Method of Huggins and McBay). The results of these
comparative studies are given in tabulated form below.
TABLE IV
GRIOIARD EXPERIMEfITS
Compound Moles
Grigiard
Reagent
Hydrolytic ;
Reagent
per cent
Yield Alcohol
Polymer
ization
Ket(»ie •55 C^,,MgBr 255fiJH^Cl 89 .76 2 •5g.
^ter
CKolaler} .54 n n 59.61 10 .Ig.
Ketone •33 CHsMgl H 68.51 ll.lg.
Ester .31 M w 48.60 17_.lg.
Ketone .55 CHsM^r 25feS0A 78.64
. .
Ester •54 ti H 47.68 18.6g.
Ketone .27 CHsMgl « 47.67 18 .9g.
Ester .26 CBsMgl n 34.51 26.1g.
These data show that the percentage yield of the tertiary
alcohol was greater in each experiment where the ketone was
used, using either CHgMgBr or CHsMgl as the Grlgiard reagent.
It is iuteresting to notice here that idiai 25$^ H2SO4 was
used as a hydrolytic reagent, the yield of the alcohol from
both the ketone and the ester was reduced, but to a greater
extent when the ester wqgs used. In each experiment where
CE^sMgBr was used as the Qrignard reagent greater yields of
the alcohol were obtained from both the ester and the ketone.
It is also Important to observe that regardless of the type
of Grigiard reagent used the yield of alcohol from the ketone
was greater than that from the ester.
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Where 25J^ NH4CI was used for hydrolysis of the Grlgiard
complex and CHgMgBr was used as a Gtrigpard reagent, very
little polymerization was observed from either the ketcsie or
the ester. In e^qjerlments^ however, where CHgMgl was used
and the Origaard complex hydrolyzed over 25^^ NH4CI solution,
some polymerization was observed from the ester but less from
the ketone* Polymerization was very prominent in each ex¬
periment where 25^ H2SO4 was used as a hydrolytic reagent
using ether CH3MgI or CHsMgBr as a Grigiard reagent. Im¬
portant also is the fact that polymerization was very promi¬
nent when CHsMgl was used, but to a greater extent when the
tertiary alcohol was made from the ester.
Mention should be made here of the several techniques
en^loyed in attempts to dehydrate the tertiary alcohol. The
alcohol was repeatedly distilled under reduced pressure, and
in keeping with the results obtained by Huggins and McBay^
this alcohol during distillation lost water which was observed
in the condenser. The number of distillations required to
dehydrate con?)letely the alcohol may be reduced by using
fused potassium aluminum siilfate as a catalyst. The com¬
pletely dehydrated hydrocarbon was collected at 128°C. mder
30 mm. This compovind was a clear colorless oil. In some in¬
stances dehydration of the alcohol was accomplished by re¬
fluxing the alcohol in benzene solution for several hours
over fused potassium aluminum sulfate,
^Henry C. R. McBay, op. cit., p. 6.
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This dehydration has also been accon^jlished by allowing
the alcohol to stand in contact with benzoyl chloride,
propionyl chloride, or acetyl chloride. This last method
using acid chlorides seems to be most effective.
CHAPTER III
THEORETICAL PART II
THE ADiaiTlON OP HYDROGEN AHD OP HYEROC3SN BROMIDE
TO l-PHaiYL-2,3-DIMETHYLBUTADiaiB-l,3
Workers^ have studied exteaslvely the addition reactions
of chlorine, bromine, hydrogen and the halogen acids to 2,3
dlmethylbutadlene-1,3 and report that these addenda add to
this compomd predominantly at the one and four positions,
(1-4 addition).
H H H CH3 CH3 H
12. HC= C ^C=CH+AB ^ HC—G= C CH
(aB = Xg) A B
or
^
AB= HX)
2
It has been reported that phenylbutadlene adds bromine and
5
chlorine at the three and four positions, (3-4 addition).
Huggins and McBay^ report that the msymmetrlcal compound 1-
phenyl, 2-3 dlmethylbutadlene, 1-3 (I) adds bromine at the
three and four positions, (3-4 addition). Huggins and Gandy®
^Por a review of this work see C. H. P. Allen, “organic
Chemistry,* John Wiley and Sons, Inc., New York, 1943, H.
Gilman editor, p. 669.
^Strauss, Ber., 42, 2866 (1909).
®Muskat and Huggins, J. Chem. Soo., 51, 2496 (1929).
%enry C. R. McBay, “The Preparation and Bromlnatlon of
l-Phenyl-2 ,3-Dimethylbutadlene-1,3 * (Unpublished Master * s
Thesis, Department of Chemistry, Atlanta University, 1936),
p. 23.
®David Conrad Gandy, “The Course of Reduction of 1-Phenyl
Butadiene and 1-Phenyl-3-Methyl Butadlene-1,3“ (Unpublished
Master's Thesis, Department of Chemistry, Atlanta University,
1942), pp. 1-23.
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have studied the course of reduction of 1-phenyl-butadiene
and of l-phaiyl-3-methylbutadiene-l,5. It appeared then,
that it Would be interesting to Investigate the inodes of
orientation of hydrogen and of hydrogen bromide into the
conjugated con5)ound l-phenyl-2,3-dlmethylbutadlene-l,3« A
report of this Investigation is given in the following pages.
The several possible modes of orientation of hydrogen
are given by the equation below*
CH(1,4 addition)
H
H CH3 7H3 H
13.0C=C C—CH+H2 addition)
addition)
H H
IV
One must bear in mind the fact, however, that it is possible
for any two or all three of those reactions to proceed simul¬
taneously, giving a mixture of these olefines.
If these coiipounds are treated with ozonized oxygen or
ox;$.dized with potassium permanganate, they should bo broken
down into fragments the identification of which would point
to the type of addition that had taken place.
The l-phenyl-2,3-dlmethylbutadlene-l,3 (prepared by the
methods described in Fart I of this thesis) was treated with
one mole of hydrogen, using absolute methyl alcohol as a
solvent and Raney nickel^ as a catalyst. The apparatus
^Cavert and Adkins, J. Am. Chem, Soo., 54, 4116 (1932).
23
Xmax 249.5m/x £7nax-2260
\Tn/LL
ABSORPTION CURVE FOR MONO-OLEFINE OV)
FIGURE HI
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described by Adams and Voorhees^ was used for this experiment.
A clear colorless oil, the mono-olefine, was obtained by this
reduction. This conpound bolls at 54®C. laider 2 ran.
Some special comment on the purldPlcatlon of this mono¬
olefine is necessary. Aithougja at a press\u*e of 1.5 mm. 1-
phenyl-2,3-dlmethylbutadiene-l,3 bolls approximately 16°C
hl^er than the mono-olefine (hydrogen adduct of the hydro¬
carbon), the teclmique of distillation was not an advisable
method for removing the last traces of the diene left after
its partial reduction. Since isolated double bonds frequently
migrate into conjugation when their compounds are heated, a
method of piirificatlon of the mono-olefine was desirable
whose application and efficiency require a minimum of heating,
2
In this case the Dlels-Alder condensation reaction satisfies
this requirement. (See part I of this thesis). Thus the
last traces of the hydrocarbon were removed from the re¬
duction product by prolonged shaking with maleic anhydride
at room ten^ereture. The absorption spectra of this mono¬
olefine has been measured, and the curve representing this
data is shown in Figure III on page 25 .
The fragments expected from the oxidation of each of
the three possible products (mono-olefines) obtainable from
the addition of hydrogen to 1-phenyl-2,3-dimethylbutadlene-l,3
(I) are indicated by the following equations.
^Oilman and Blatt, ^Organic Synthesis,* John Wiley &
Sons, Inc., New York, 1941, Col. vol. I p, 61.
^Allen, J. Chem. Educ., 10, 494 (1933).
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If one Is able to Isolate and identify either 1-phenyl-
propanone-2 or acetone, it is evidence that 1-4 addition has
occurred. This can be seen from equation 14. The Isolation
and identification of formaldehyde or 3-me thy1-4-phonyIbuta-
none-2 wo\ild give evidence that 1-2 addition had taken place.
Equation 15 indicates the formation of these products, if
benzaldehyde, benzoic acid, or iso-propyl methyl ketone are
isolated and identified, this would indicate the fact that
some 3-4 addition occurred, according to equation 16.
In good yields benzoic acid has been Isolated from the
fragments and identified as one of the oxidation products of
this dihydro-derivative obtained by reduction of l-phenyl-2,3-
dlmethylbutene-1,3. it is therefore suggested that the struo-
tiare of this dihydro addition product is 1-phenyl-2,3-dimethyl-
but«aaiie-l (IV), and that the addition of hydrogen to 1-phenyl-
2,3-dlmethylbutadlene-l,3, in the presence of Raney nickel has
taken place at the carbon atoms number three and four, (3-4
addition).
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It should be stated here that In no case was the investi¬
gator able to Isolate and identify any methly iso-propyl
ketone as would be esspected. It might have been that the
methyl iso-propyl ketone was destroyed by the techniques used
in oxidation of the mono-olefine» or that the ketone undergoes
some type of rearrangement. No attempts were made, however,
in this investigation to study this difficulty.
The possible modes of addition of hydrogen bromide to
l-phenyl-2,3-dlmethylbutadiene-l,3, are given in the equations
below:
17. 9 QHg <?H3 H
^C==.C— C==CH-^ HBr
H QHs 9H3 9
18. <z>6=C GH-+ HBr
9 P^3 9®3 ?
19, <::^.C=.C C=^=OH:^HBr
H
VI
VII
9%
VIII
QHs
'9-
9H3 H
-9- CH
Br H
H fer
9H3 9C-2—OH
fer
CH3 9
-C CH
H
9H3 H
-c=6h
Br
CH,
IX
3 9^5 neye—c-^^—c==rCH
Br 6
The preparation of piire dry hydrogen bromide was accom¬
plished by the use of a modification of the method reported
by D, R, Duncan,^ in Inorganic Synthesis. Using several
1
H, S. Booth, "Inorganic Synthesis," McGraw Hill Book
Co., New York, (1939), Vol, I p, 151,
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different solvents and working lander anhydrous conditions,
hydrogen bromide prepared in this manner was added to 1-
phenyl-2,3-dimethylbutadiene-l,3. The hydrobromide adduct
thus obtained is an extremely unstable oil. When subjected
to distillation at reduced pressure it lost hydrogen bromide
at pressures as low as 0.5 mm.
The problem of determining the mode of orientation here
displayed by hydrogen bromide is exceedingly complicated.
The hydro-bromide has not been obtained in the pure state
entirely free from unsaturated hydrocarbons. It has occxirred
to the investigator that the position of the bromine might
be tagged by applying to the mixture the Orlgnard technique
followed by carbonation with COg. However, the results
ffom such tin attempt to tag the position of the bromine atom
in this In^jure adduct would for the following two reasons
(a and b) be meaningless, (a) of the six possible structures
this hydro-bromide adduct ml^t have, four of these contain
an allyllc bromine, (bromine attached to carbon adjacent to
a doubly bonded carbon).
H 0% 0% B H OH3 OH3 H , H OH5 OHb H
CD(^—C— C pH C3C-' C— C= CH ■ c—-CH
H
Yj-j Br H Br IX VI H Br
H CES5 CH3 H
oc—G=-C CH
H
) CH3 CH<* H1 1 H CH, CH3
C
H
1
-CHOc- c —
1
H
C=CH
VIII ^ Br X V Br H
Any attempt to replace this bromine atom in such molecules by
the use of the Grignard reaction or any other polar mechanism
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will give rise to conditions necessary for the well-known
allylic rearrangements, (b) Because of the presence of un¬
saturated hydrocarbon impurities diffictilt to remove, the
technique of oxidative degradation would here also lead to
mrellable conclusions. In the face of these difficulties,
the further elucidation of this problem has been temporarily
abandoned. At the time of this writing it can only be said
that dry hydrogen bromide in benzene reacts with 1-phenyl-
2,3-dimethylbutadlene-l,3 to form an extremely unstable
compound •
CHAPTER IV
EXPERIMEHTAL
Preparation of Solvents.
Anhydrous Ether- The ether was distilled off of concen¬
trated sulfuric acld,^ dried over calcium chloride and
finally over metallic sodium*
Thlophene-R^ee Benzene - Large volumes of benzene were
washed with small volumes of concentrated sulfuric acid
until no color appeared In the acid layer. The benzene was
then washed several times with 15^ sodium carbonate, and
finally with distilled water. It was then dried over calcium
chloride for several days and finally distilled off of sodium
throng a 52 cm. colxunn packed with single turn glass
hellxees.
Methyl Alcohol and Ethyl Alcohol - The absolute alcohols
used were prepared In the usual manner, being refluxed for
at least 2.4 hours over calcium oxide and distilled through a
20 cm. fractionating colunn.
Pyridine - The pyridine was distilled off of potassium
hydroxide at atmospheric pressure. The fraction boiling
between 115-116^0. was used.
Carbon Tetra-Chlorlde - This compound was washed suc¬
cessively with 205^ potassium hydroxide (to remove the sulfur).
L. I. Peiser, “Ea^erlments in organic Chemistry,* 2d
ed*, D. C. Heath and Co., Now York, 1941, p. 361.
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concentrated sulfuric acid, 10^ sodlxim carbonate and distilled
water* It was dried over calcliua chloride and finally dis¬
tilled off of anhydrous calclxim sulfate, (Hammond*s Drlerlte),
The Preparation ofooMethyl C^onamlc Acid and the Cor¬
responding Methyl and Sthyl Esters. The ^ methyl cinnamic
acid used was prepared by the Perkin Synthesis^ and was
converted by standard ^ocedures Into the corresponding
ester* The ethyl ester of methyl cinnamic acid prepared
In this manner was a colorless oil which boiled at 115®C./
20
5 mm*, Njj sr 1*5475)* The methyl ester of eo methyl cinnamic
acid prepared in this manner was distilled and collected be¬
tween 108-109®C*/ 3 mm* This ester solidified at room tem-
pez^tiire Into a white crystalline solid which melted at
34*8°C., (Literature M* P*, 34*9®C*)*
The Preparation of Methyl- ^ -Methyl Styryl Ketone * The
methyl-E j-methyl styryl ketone used was prepared by the
method of Bogert and Davidson*^
The Preparation of l-Phenyl-2,3-Dlmethyl-3-Hydro3cy
But^e-1 * (Method of Huggins and McBay)* The methyl- 6. -
methyl styryl ketone prepared by the method Indicated above
was treated with 20^ more than the theoretical amount of
methyl magaeslum Iodide or methyl magnesium bromide required
for equimolar quantities* The methyl magnesium bromide was
^Radger Adams, ’‘organic ®^eactlons,*• John Wiley and Sons,
Inc*, New York, 1942* Col. Vol* I p* 241.
^Bogert and Davidson, J* ^* Chem. Soc*, 54, 334 (1932).
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prepared In the usual manner, using a (jpigiard flask fitted
with an upright condenser, dropping funnel, mercury seal,
and mechanical stirrer• The ketone, methyl-^ -methyl styryl
ketone. In ethereal solution was added drop-wise to the
Orlgnard reagent, and the resulting product was allowed to
stand overnight* This product was hydrolyzed over a
solution of ammonl\im chloride* In some experiments 255^ cold
sulfuric acid solution was used as the hydrolytic agent*
During hydrolysis the system was kept in a salt ice bath with
constant shaking* The resulting layers were separated in the
separatory funnel, and the water layer was extracted several
times with ether* These extracts were added to the main
etheral solution, and the combined extracts were washed (in
cases where sulfuric add was used, with sodium carbonate)
with distilled water and dried over calciiim chloride for ap¬
proximately seven hours.* The solution was then filtered in¬
to a dry distilling flask, and the ether was removed by
suction from the water punq) or by heating over a water bath*
The resulting alcohol, 1-pheny1-2,3-dimethyl-3-hydroxybutone-
1, remained in the flask* This alcohol was distilled under
reduced pressure and finally collected at 104-105°C./ 2mm;
117-119°C*/ 7mm* It was a bright yellow oil, r 1*5670*
(Method of Kohler). Both the methyl ester and the ethyl
esters of methyl ctnnamio acid prepared as described above
were treated in separate experiments with the theoretical
the etheral solution is allowed to stand over calcha
chloride for too long a period of time, upon distillation of
the alcohol polymerization is more prominent*
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amount of methyl magieslum bromide or methyl ma^^esium iodide
in the same manner as was the methyl- ^ -methyl styryl ketone
described immediately above, and the alcohol, l-phenyl-2,3-
dlmethyl-3-hydroxybu.tene-l, was obtained in 605^ yields, with
identical boiling points and color as the alcohol obtained
from the methyl-^-methyl styryl ketone. The yields, how¬
ever, were greater in each preparation where methyl magiealura
bromide was used. In some experiments where metbyl magiesium
lodied was used the etheral solution of the alcohol was
deeply colored. This color was removed by washing the
ethereal solution with 10% aqueotis sodium thio-sulfate •
The preparation of l-Pheny1-2,3-Dimethyl Butadiene-1,3.
The yellow alcohol described above was converted into the
hydrocarbon by the removal of a mole of water by several
methods•
Method One. The alcohol was less stable when sulfuric
acid was used for hydrolysis, for in this case there was
evidence of the loss of water when the last traces of ether
were being removed over the water bath. The complete loss of
the mole of water was accon^lished simply by distilling the
alcohol several times mder reduced pressxire. The hydrocarbon
resulting from this distillation was a clear colorless oil
which boils at 128®C./ 30mm.
Method TWO. The mole of water was removed from 1-phenyl-
2,3-dimethyl 3-hydroxy butene-1 readily when the alcohol was
distilled three or. more times under reduced pressure using
potassium aluminum sulfate as a catalyst according to the
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method of Kyrlakldea.^
Method Three. Small voltAmes of the alcohol were dis¬
solved in thlo-pheae f^ee benzeae as a solvent and refluxed
gently for four hours over potassium aluminium sulfate*
Water was observed in the reflux condenser during this pro¬
cedure* The benzene was removed at reduced pressure using
the water pump while heating the system with a water bath*
The residue was placed in a round-bottom flask and distilled
through a 20 cm. Vlgreaux coluim* The hydrocarbon, a color¬
less oil, was collected at 128°g/ 30mm, s 1*5775*
Method Fotar * Acetyl, benzoyl and propionyl chloride
were used successfully in dehydration of the alcohol* The
alcoho 1 (1-phenyl-2,3-dimethyl-3-hydroxybutone -1), (50 grams),
was placed in a 250 cc* Erlenmeyer flask and to this was
added 30-35 cc* of the acid chloride* The flask became warm
Immediately and after several minutes drops of water could be
seen in the bottom of the flask and in the condenser* This
mixture was allowed to stand at room temperature for two days;
and. When benzoyl chloride was used, at the end of this period
a white precipitate was obsiCrved in the bottom of the flask.
This precipitate was filtered off with suction from the water
pump, and was Identified as benzoic acid* (M* P* 121®C).
The filtrate, containing the mixture of hyirooarbon and the
unchanged acid chloride, was placed in a heavy glass bottle
and 30 cc* of a 10^ solution of sodium hydroxide was added*
^Kyrlakldes, J* Chem. Soc., 36, 980 (1914)
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This mixture was shaken for 40 hours on the shaking machine*
This mixture was taken up In ether, washed with a 10^ solu¬
tion of sodium carbonate, with distilled water, and dried
over calcixim chloride for several ho\ars# The ether was re¬
moved by means of distillation with suction ft>om the water
pump while being heated on a water bath. The diene (37.2 g.)
resulting from this dehydration was finally distilled and
collected at 74®c/ 2mi. It was a clear colorless oil, m
1.5775.
Determination of the Physical Constants of l-Phenyl-2,
5-dimethylbutadiene-l,5. Molecular wei^t determinations
were made by the freezing-point method using thiophene-free
benzene as the solvent.
The Absorption Measxarements were made on a model DO
Beckman Ultraviolet Spectrophotometer. Absolute ethyl alcohol
has been used as the solvent. The concentrations of the
solutions used have been of the order of 10“^ 10”° moles /
liter.
Activation of Raney Nickel Catalyst. The activation of
the Raney nickel catalyst was accomplished according to the
method of Cavert and Adkins
The distillations for heat of vaporization studies were
made throu£^ a 32 cm. Vlgreux column.
^These measurements were made by Dr. Lloyd N. Ferguson
of the Department of Chemistry, Howard University, Washington,
D. C.
^Cavert and Adkins, Am. Chem. Soc.. 54, 4116 (1932)
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The Preparation of the Diels and Alder Derivative, 2~
Phenyl-5,4~Dlinethyl“1,2,5,6-Tetra hydro-ortho-phthallc an¬
hydride « TWO grams (2g,) of the hydrocarbon, l-phenyl-2,3-
dlmethylbutadlene-1,3, were dissolved in 30 cc, of dry thio¬
phene-free benzene in a dry 100 cc* Erlenmeyer flask. A so¬
lution of maleic anhydride (l*2g«) dissolved in benzene (just
enough to dissolve the anhydride) was filtered into the flask
containing the benzene solution of the hydrocarbon. Immedi¬
ately a yellow color appeared in the flask. The flask was
stoppered and allowed to stand at room temperature for seven
days. The benzene was removed by vaporization under reduced
pressure. The white solid which remained was recrystallized
from carbon tetra-chloride and finally from dioxane. in each
case of recrystallization no heat was applied. The white
compound was dissolved in sufficient amounts of solvent, and
then the solvent was allowed to evaporate at room ten^erature
or was removed by vaporization under reduced pressure. The
white crystals were dried in a vacuum desicator over sulfuric
acid and were found to melt at 127-128°C.
The results of these experiments were Identical where
the diene obtained from ether or both sources was used, M. P.
128°C. The solid cyclic anhydride, 2-phenyl-3,4-dimethyl-l,
2,5,6-tetra hydra ortha phthallc anhydride, (1.5g.) was dis¬
solved in 75 cc. of distilled water by heating for several
hotirs. After all of the substance had dissolved the mixture
was filtered while hot and allowed to cool. The white crystals
*See Table II page 12.
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whlcla settled out upon cooling were filtered, placed in
an Abderhalden drying pistol and dried for several hoxars
under vacuum. The melting point of this dicarboxylic acid
was 207°C.
The preparation of 1-Pheny1-2,3-Dimethyl Butene-1.
Approximately 1 gram of activated Raney nickel was poured
into a thick glass bottle containing a mixture of 27,1 g.
of the hydrocarbon (1-pheny1-2,3-dimethyl butadiene-1,3)
dissolved in 200 cc. of absolute methyl alcohol. The appa¬
ratus used is described by Adams and Voorhees,^ To this was
added hydrogen under 45 lbs. of pressure at room temperature
until the calculated pressure drop (15 lbs.) was registered
on the pressure guage. The time consumed for this addition
reaction was approximately fifteen minutes. After the first
five minutes of this time the reaction bottle was very warm.
This temperature persisted throuj^ut the course of the re¬
action. The alcoholic solution was decanted off and placed
in a 250 cc. round-bottom flask. The solvent was removed by
means of distillation at reduced pressure from the water pump
while heating on a water bath. The remaining liquid was
distilled through a 20 cm, Vlgreux ooluim mder reduced
pressure and finally collected at 54®C, under 1,5 mm. This
conpomd (l-phenyl-2,3-dlmethylbutene-l) a mono-olefine, was
^Golman & Blatt, "Organic Synthesis," Col. Vol. I, Sec.
Ed. John Wiley and Sons, New York, 1941, Col. Vol. I p. 61.
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a clear colorless oil*
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The refractive Index was s 1.5062.Anal* Subs.,
0.0289, 0.0407sG02, 0.0951, 0.1341:H0H, 0.0281, 0.0373 calcd.
for Cj^H^gS C, 89.94, H, 10.05 Pound* C, 89.85,89.84sH,
10.88, 10.36
Bromlnatlon of l"Phenyl~2,3~Dlmethyl Butene-1. Several
attempts were made to add the calculated amoiant of bromine
to samples of the mono-olefine dissolved In carbon tetra
chloride as the solvent. The mono-olefine (8.6510 grams)
was dissolved In 75 cc. of carbon tetrachloride, and the
mixture was placed In a 250 cc. dry filtering flask fitted
with a drying tube attached to the side arm. Throu^ a
rubber stopper In the top of the flask was inserted the stem
of a burette containing the carbon tetrachloride solution of
bromine* The titration was carried out In an Ice bath, and
the bromine solution was added dropwlse with constant shaking.
When the calculated amount of bromine solution (83.53 cc.)
had been added, a color change was noted indicating that the
point of saturation had been reached. This solution was
allowed to stand for a few minutes In the Ice bath when it
was observed that the color (brown) was disappearing from
the solution. This color coii^)letely disappeared and would
reappear upon addition of more of the bromine solution. This
was continued until 123.99 cc. of the bromine solution had
been added. During the process of the addition of the excess
*Thls solution was prepared by titrating from a burette
5*01 cc. of bromine (15.531 g.) into carbon tetrachloride and
diluting with carbon tetrachloride to a total voliune of 150 cc.
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bromine solution hydrogen bromide was observed to escape
through the drying tube attached to the side arm of the re¬
action vessel. This was probably due to the fact that the
mono-olefine contained a tertiary hydrogen atom adjacent to
a bromine atom in the molecule. The solvent was removed by
means of distillation at reduced pressure using a water pun^
while heating by means of a water bath. The mixture was
distilled under reduced pressure. A large soda lime tower
(35 cm. high) was used in the system between the receiving
flask and the vacuum pump. There was an evolution of hydro¬
gen bromide fumes which were trapped in the tower, and the
heat of neutralization was observed in the tower as a result
of this reaction. A brown oil was collected in the receiving
flask. This oil was redistilled with a loss of more hydrogen
bromide and two fractions were collected. Fraction 1,104-
107°C.j Fraction 2, 110® - 114®G. under 3 mm. No attempt was
made to determine the percentage of bromine in either sample.
The Oxidation of 1-Phenyl-2,5-Dimethyl Butene-1. This
mono-olefine (3.96 g.) was mixed with 50 cc. of distilled
water in a 300 ml. three-neck roimd-bottom flask fitted with
a mechanical stirrer. To this was added 5.23 grams of
potassi\im permanganate and 16 cc. of freshly distilled pyri¬
dine. The mixture was stirred for a period of 30 hoiars until
the color of the permanganate had disappeared. A cooling
bath was placed around the flask to keep the temperature of
the mixture below 30°C. When the oxidation was completed, an
attempt to make the bisulfite addition product of possible
low molecular weight carbonyl compounds was made in the
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following manner. Sulfur dioxide (from cylinder) was passed
through the mixture After twenty minutes the reaction
flask became very hot and was placed in an ice bath. After
ninety minutes a white ppt. began to form in the bottom of
the reaction flask. Within another half hour this precipi¬
tation began to dissolve, and 1 gram of sodiim hydroxide
was added to the mlxt\ire causing the re-preolpitation of a
white solid. Finally 3 g. of C. P. sodium bisulfite was
added to assure that an excess of NaHS03 was present in the
solution. This white precipitate was filtered and recrya-
tallized several times from 50% aqueous ethyl alcohol.
These crystals were dried for several days In the desicator
and meltqd at 119.5®C, Approximately 1,7 grams were re¬
claimed. When mixed with an authentic sample of benzoic
acid the M. P. of these crystals was 119.5-121®C. This com¬
pound was therefore benzoic acid, and was one of the frag¬
ments of oxidation, A second oxidation of the mono-olefine
was carried out mder iddntioal experimental conditions, but
water alone was used as the solvent. Benzoic acid was ob¬
tained in good yields also from this oxidation. Despite re¬
peated attempts the expected methyl-isopropyl ketone was not
Isolated,
The Addition of Hydrogen Bromide to 1-Phenyl-2,5-Dimethyl
Butadiene-1,5, The hydrogen bromide used was prepared by a
^se of the sulfur dioxide had a dual purpose. It also
removed the manganese dioxide mud formed by the reduction of
potassium permanganate.
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modification of the method reported by D. R. Duncan,^ in
Inorganic Synthesis. The hydrocarbon, (1-phenyl-2,3-dimethyl-
butadiene-1,3), (85*6 g.) was introduced into a reaction
flask (40 cm. long and 4.5 cm. in diaavater) containing 350
cc. of benzene as the solvent. A steady stream of pure dry
hydrogen bromide was bubbled through the solution in the
flask for four and one half hoxxra. The flask became warm
and the mixture turned green after passing in hydrogen bro¬
mide for approximately two hours. The color remained through¬
out the course of the reaction. The benzene solution was
washed free of hydrogen bromide with a dilute solution of
soditim carbonate followed by water and dried over calcium
chloride. The benzene was then removed by distillation at
reduced pressure from the water pump while heating over a
water bath. In some Instances, the benzene was removed
without washing away the excess unreacted hydrogen bromide.
The green liquid residue was distilled under reduced pressure.
Two large sold lime towers and a cold trap were used in the
system between the receiving flask and the vacutim p\amp.
There was abtindant evolution of hydrogen bromide fumes which
were trapped In the towers, and the heat of neutralization
was quite evident as a result of the reaction in the towers.
At each attempt at distillation, even under very low pressure
(0.5 mm.), the loss of hydrogen bromide was very evident.
S. Booth, ^Inorganic Synthesis," McGraw Hill Co.,
New York, (1939), Vol. I. p. 161.
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This is evidence that the hydrobromide formed was a very
mstable compound. Finally the hydrobromide was distilled
mder reduced pressure and three fractions were collected;
Fraction 1, 79®-83®/l2 mn.; Fraction 2, 86-89®C./2 mm.;
Fraction 3, 104-111®C/2 mm. Those were pale yellow oils.
These oils were analyzed for their bromine content, and the
results were much lower that the theoretical value for the
hydrobromide adduct of 1-phenyl-2,3-dimethyl butadiene.
CHAPTER V
SUMMARY AND CONCLUSIONS
1. A re-examination of the synthesis of the compomd,
l-phenyl-2,3-dlinethylbutadiene-l,3 was made. The compound
was made by the method of Huggins and McBay and by the
method of Kohler. The physical constants and the derivatives
of the compound prepared by each of these methods are identi¬
cal. These results do not check with those reported by
Kohler.
2. The conjugated hydrocarbon, l-pheny-2,3-dimethyl-
butadiene-1,3 in the presence of Raney nickel adds hydrogen
in the 3-4 position.
3. Hydrogen bromide has been added to the hydrocarbon,
and the resulting adduct is extremely unstable. It has not
been characterized.
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